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Abstract
Background: Many research projects in general practice face problems when recruiting patients, often resulting in
low recruitment rates and an unknown selection bias, thus limiting their value for health services research. The
objective of the study is to evaluate the recruitment performance of the practice staff in 25 participating general
practices when using a clinical trial alert (CTA) tool.
Methods: The CTA tool was developed for an osteoporosis survey of patients at risk for osteoporosis and fractures.
The tool used data from electronic patient records (EPRs) to automatically identify the population at risk (net
sample), to apply eligibility criteria, to contact eligible patients, to enrol and survey at least 200 patients per
practice. The effects of the CTA intervention were evaluated on the basis of recruitment efficiency and selection
bias.
Results: The CTA tool identified a net sample of 16,067 patients (range 162 to 1,316 per practice), of which the
practice staff reviewed 5,161 (32%) cases for eligibility. They excluded 3,248 patients and contacted 1,913 patients.
Of these, 1,526 patients (range 4 to 202 per practice) were successfully enrolled and surveyed. This made up 9% of
the net sample and 80% of the patients contacted. Men and older patients were underrepresented in the study
population.
Conclusion: Although the recruitment target was unreachable for most practices, the practice staff in the
participating practices used the CTA tool successfully to identify, document and survey a large patient sample. The
tool also helped the research team to precisely determine a slight selection bias.
Background
General practice populations are important sampling
frames for health services research, e.g. surveys about
disease prevalence, clinical performance and healthcare
needs as well as intervention studies and clinical trials
[1,2]. Recruiting and surveying patients through their
general practitioner (GP) during consultation most clo-
sely reflects routine practice and generates evidence
from real world settings about important health condi-
tions and related health care problems, thereby increas-
ing external validity [2-4].
The daily demands of a busy practices, however, leave
practice personnel (GPs and practice nurses) with little
time to make study involvement a priority [5-8]. Even if
GPs agree to participate in research studies, many
research projects in general practice face problems when
recruiting patients [1,5,9-11]. Recruitment is a time-
consuming process which encompasses, besides others,
identifying possible study participants, applying eligibil-
ity criteria, contacting eligible patients and eventually
enrolling them in the study. For this reason, clinical
trials often restrict the participation of GPs and their
staff to the identification and referral of possible
patients, leaving the eligibility review and enrolment
steps up to external study personnel [10-16]. Such stra-
tegies, however, interrupt the recruitment flow, exclude
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mobile and less communicative patients from study
participation.
Under-enrolment or selective enrolment of general
practice patients [17-21] can make generalisation of
study results inappropriate [22,23]. These restrictions
are often not reported in published studies [19] since
the direction and magnitude of this potential selection
bias is difficult or impossible to estimate due to the lack
of data about all possible study participants. The identi-
fication of all possible study participants can be auto-
mated using standardised search queries on the
electronic patient record (EPR). Such automated identi-
fication procedures, so-called “clinical trial alert” (CTA)
systems, seem to have a favourable effect over more tra-
ditional means of participant identification in clinical
settings [12,15,24,25].
In order to make high-quality, practice-based research
possible, researchers must equip the local practice staff to
implement and perform a research project under real
practice conditions. In addition, it is necessary for
researchers to develop standardized patient recruitment
techniques to analyse sample selection bias. In response to
these two challenges, we created a CTA-type recruitment
infrastructure, which was introduced as an intervention
within the framework of an osteoporosis project. This
CTA-tool runs in the background of the practice software
system and automatically identifies all possible study parti-
cipants. A standardized computer-based study protocol
and computer survey made it possible for the general
practice staff to perform all recruitment tasks under real
practice conditions and at the same time, transfer data to
the study centre about sample selection bias.
The aim of this study was to evaluate the recruitment
performance of the practice staff when using the CTA
tool according to 4 criteria. The CTA infrastructure
should help local practice staff members to realise (1)
similar recruitment rates in a l lG Pp r a c t i c e s ,( 2 )as e t
target of 200 enrolled patients per practice, (3) low par-
ticipant loss between contact and enrolment and (4) low
selection bias between identified and enrolled patients.
Methods
Setting and research context
In Germany, GPs are required to use EPRs for the docu-
mentation of patient treatment in order to receive pay-
ment for services. However, there is a great variety of
software systems used in German general practices [26].
The CTA tool under study was developed as part of
an osteoporosis project in general practice with the aim
of surveying older patients to provide a systematic fragi-
lity fracture risk assessment. The project includes:
(1) automated eligibility identification using the GP’s
software system; (2) documentation of exclusions and
refusals; (3) computer-assisted, standardised baseline
risk assessment and 6-month telephone follow-up for
incident fractures; (4) automated feedback generation
about individual risk factor profiles; and (5) online real-
time submission of pseudonymised data to the central
study centre (University of Göttingen, Department of
General Practice and Family Medicine). An external
software company (IT-Choice) programmed the study
software for the most commonly used practice software
systems.
Osteoporosis has been recognised as an important
health problem by the majority of German GPs [27].
The present osteoporosis project was conceptualised as
a prospective observational study with a limited number
of participating practices. General practices in loosely
connected general practice research networks across
Germany as well as members of the German College of
General Practice and Family Medicine (DEGAM) were
invited to participate in the project. Initial contact to
GPs belonging to local GP network organisations was
made through local network administrators. In addition,
individual GPs belonging to the DEGAM were con-
tacted via email using a distribution list provided by
DEGAM. All participating general practices were
required to have Internet access. The practice staff
received financial incentives for their willingness to take
part in the study: practice physicians 150 €,p r a c t i c e
nurses 50 €. In addition, practice nurses received 10 €
per surveyed patient.
This project is embedded in a large, ongoing govern-
ment-funded primary health care research project (Med-
ViP; Medizinische Versorgung [medical care] in der
Praxis), coordinated by the Department of General Prac-
tice at the University of Göttingen and approved by the
local ethics committee [28]. All details, including data
management of the CTA tool, were approved by the
ethics committee and discussed in detail with the data
security officer of the medical faculty. All participants of
the osteoporosis fracture risk survey provided informed
consent prior to participation.
Software development and implementation
A specialized logistical approach and technical infra-
structure were developed in close cooperation with epi-
demiologists, GPs and IT experts. This cooperation was
necessary to integrate the clinical study into the CTA
system. The result is not just an “alert”,b u tac l i n i c a l
trial tool, which initiates the entire research process,
which can be completed for an individual patient within
minutes of its activation. Between May 2007 and
November 2007, the study software was implemented in
participating practices’ software systems consecutively.
Each practice used the clinical trial tool to recruit and
survey patients for 12 months.
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platforms (NT, 2000, XP, Vista, 7). It is set up as an
independent background task and monitors the EPRs
user interface for the patient data currently displayed on
the screen. The data is not stored unless the tool identi-
fies a potential study participant. The collected data is
automatically pseudonymised by replacing the internal
patient ID with a unique study-ID that cannot be traced
back to the internal patient ID. The pseudonymised
dataset is transmitted to the study database via a
secured and encrypted internet connection (SSL).
Before implementation of the CTA tool, practice per-
sonnel from each participating practice received an on-
site 1-hour training session. Trainers (MK, ST, SW, TS)
visited the practice and explained both the general fea-
tures and handling of the study software as well as the
project-specific tasks, such as obtaining the patient’s
informed consent or documenting refusal or exclusion
criteria. Throughout the entire study period, the
research centre provided a direct support hotline.
Electronic recruitment process
In clinical studies, there are at least four basic recruit-
ment steps. First, the population at risk (net sample)
must be identified. Second, eligibility criteria must be
applied to the net sample. Third, eligible patients must
be contacted for participation. Fourth, consenting
patients need to be enrolled. The implementation of
these four steps into the CTA-tool are described in the
following; potential benefits are listed in Table 1.
(1) Identification
The CTA tool used patient data (birth date and sex) from
the practice software to automatically identify all patients
who met the criteria for inclusion into the study. The net
sample or population at risk in our study included all
women 60 years and older and all men 70 years and
older who consulted their GP during the 12-month study
period. Whenever a GP or practice nurse opened the
EPR of a potential study participant, two things happened
simultaneously: First, a pop-up screen on the practice
computer reminded the practice personnel that the
patient should be considered as a possible study partici-
pant, as shown at the bottom right-hand corner of the
Figure 1. Second, the study centre received an pseudony-
mised data set (birth date, sex and the unique study-id).
The practice personnel could then either proceed with
the next recruitment steps during routine practice or
ignore and click off the on-screen reminder.
Even if the practice staff ignored the reminder once, it
reappeared on screen whenever the same patient’s EPR
was opened during the study period. This process con-
tinued until further steps of the recruitment process
(exclusion, refusal or enrolment) were completed.
(2) Eligibility review
If the practice staff member did not click off the on-screen
reminder, he or she could continue the recruitment
Table 1 The implementation of four recruitment steps in the CTA tool and possible benefits
Step Definition Example Benefit
Identification All possible study
participants are
recognized
Clinical trial alert (CTA)
automated recognition running
in the background of the practice
computer software to filter out all
women ≥60 and men ≥70
No patients are missed
Net sample automatically documented
No effort required for the practice staff
Eligibility check Specifically defined
inclusion and exclusion
criteria are applied to
the net sample
Practice staff (nurse or doctor)
reviews patient data for
exclusion criteria and checks
appropriate box on screen
Practice staff can document
exclusion criteria on the
practice computer by making
one click
Contact Eligible participants are
informed about the study
and are asked to
participate
Practice staff introduces
the study and asks for
patient consent
Patient response is documented
using practice computer
Practice staff can easily
document all patient contacts
using the practice computer
Study centre can monitor activity
Enrolment Patients follow through
on their intention to
participate in the study
Baseline osteoporosis survey
is filled in using the
practice computer
Pseudonymised data set is
immediately transferred to
the study centre
No patients lost between
the GP practice and study
centre
All survey data is
immediately available
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sion criteria were defined, such as psychiatric disorders,
inability to communicate in German or house-bound
patients, whose EPRs were opened although they were not
physically present in the practice. When a patient’s exclu-
sion was documented, the recruitment process finalised
automatically and the dataset was sent to the study cen-
tre’sd a t a b a s e .
(3) Contact
The practice staff made contact with eligible patients
about the study during regular visits to their GP. Staff
members informed eligible patients about the content
and procedures of the study. If a patient refused to par-
ticipate in the study, this refusal was documented and
his or her anonymous data were transferred to the study
centre. If a patient agreed to participate, he or she was
immediately enrolled into the study.
(4) Enrolment
After agreeing to participate in the study, the practice
staff member asked the patient for informed consent.
Once consent was documented, an online questionnaire
opened and the clinical survey was immediately per-
formed, using a computer-assisted, standardised baseline
risk assessment questionnaire. It was possible for the
practice staff to interrupt the questioning process at any
point and to continue it at a later date.
Throughout all steps of the recruitment process
d e s c r i b e da b o v e ,t h es t u d yc e n t r er e c e i v e dp s e u d o n y -
mised data over a secure Internet connection. Patient
enrolment was conducted from May 2007 to November
2008. We considered it reasonable to survey, on average,
1 patient per workday and asked the practice staff to
aim for a target of 200 enrolled patients.
Data transfer and data quality
All data transmitted from the participating general prac-
tices to the study centre were stored in a relational data-
base (SQL). Patient data sets were pseudonymised
through individual code identifiers that could only be
re-identified by the practice staff in the local GP
practices.
In order to assure that the clinical trial tool worked
correctly, we compared the results of its automated,
pseudonymised patient registry with complete database
reviews of the practice software in a subset of four parti-
cipating practices. SQL ‘filter queries’ were computed to
identify the number of eligible patients who consulted
the practice within the study period. This number of eli-
gible patients was compared to the number of eligible
patients recorded by the CTA tool.
Study design and data analysis
This is an observational study, which looks at the activ-
ities of the practice staff (i.e. the study subjects), after
the implementation of a CTA-type intervention. The
effects of the CTA intervention were evaluated on the
basis of four criteria:
1. Patient enrolment in the participating practices,
compared with the number of patients identified by the
CTA-tool as possible study participants
2. Achievement of the recruitment target (200 enro-
lees per practice)
3. Amount of participant loss between contact and
enrolment
4. Selection bias, determined as the difference in the
age/sex ratio between identified and enrolled patients
Throughout the paper, we report absolute numbers
and proportions. Since this is a pilot study, we did not
perform any power calculations. Differences between the
net sample and the enrolees with regard to age and sex
were analysed by chi
2-tests.
Results
Participating practices
Of 490 general practices invited for participation, 67
(13.7%) were interested in the study and wanted more
information. Among this group of interested GPs, 9 did
not communicate further, 5 reported to have no time,
10 did not have an adequate Internet connection in
their practice and 16 had to be excluded because the
clinical trial tool was not yet programmed for the soft-
ware systems used in these particular practices.
Finally, 27 practices gave written informed consent to
participate. Unfortunately, two practices had to be
excluded later from the analysis because the clinical trial
Figure 1 The clinical trial tool at work. The EPR for patient “Hans
Mustermann” (alias) has been opened. Since Hans is a male over 70,
the notification window (1) at the bottom right scrolls up from the
notification area of the task bar. The program icon (2) can be seen
whenever the clinical trial tool is active.
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problems with the practice computer software. Although
data collection in the form of patient surveys continued
on in these practices, we have little or no data about the
net population, which is vital for an analysis of recruit-
ment efficiency and selection bias. Thus, the analysis
presented here is based on data from 25 practices.
Of the 25 participating practices, 14 were single-
handed practices and 11 were practices with more than
one physician. A total of 27 GPs (7 female, 20 male,
mean age: 52 years) and 35 practice nurses took part in
the study training.
Feasibility and precision of the CTA tool
The CTA tool was programmed for, and worked with,
the 9 most commonly used practice software systems in
Germany. It was implemented consecutively in the 25
participating practices between May 2007 and Novem-
b e r2 0 0 7 .T h e r ew e r en o t a b l e“downtime” periods in
some practices. During these periods, the software could
neither collect data nor connect to the database. Manda-
tory practice software updates, released quarterly by
most of the EPR-companies, required the technical sup-
port team to make ongoing adjustments and modifica-
tions throughout the study period.
The consistency of patient datasets recorded by the
CTA tool compared to datasets from a sample of prac-
tice software system filter queries in four participating
practices showed an average of 91% overlap (ranging
from 74% in one practice to nearly 98% in the others).
Recruitment process
The CTA tool identified a total of 16,067 potential
participants (net sample), with an average of 643 per
practice (range 162 to 1,316). In nearly 70% of cases
(n = 10,906), the practice personnel did not respond to
the CTA, but rather “clicked off” the pop-up reminder.
Ignored reminders and unfinished surveys were
regarded as being “open” (see Figure 2). In more than
20% (n = 3,248) of cases, the practice staff excluded
CTA-identified patients based on set eligibility criteria.
A total of 1,913 (12%) patients were contacted by the
practice staff about participating in the risk factor sur-
vey. Of these, 387 (20%) patients refused to participate.
In addition, staff members opened 22 (<1%) EPRs
recognised by the CTA tool even though the patients
were already deceased. Table 2 shows the recruitment
in all 25 practices. In total, the practice staff of the
participating practices surveyed 1,526 patients, on
average 61 (range 4 to 202) per practice. This corre-
sponds to 9% (range 1% to 26%) of the net sample
identified by the CTA tool.
In 13 smaller practices (<600 CTA-identified EPRs),
the CTA tool identified fewer patients (5,061 vs. 11,006)
than the 12 larger practices, but the practice staff was
able to enrol a similar amount of study participants (753
vs. 773). Smaller practices recruited, on average, 15% of
the population at risk (net sample), compared to 7% in
larger practices. Poor recruitment (<5% of CTA-identi-
fied EPRs) was more common in large practices (n = 7)
than small practices (n = 1).
Target achievement
Only one practice (practice 21) reached the target to
enrol 200 patients within the 12-month study period
(Table 2). In total, 31% of the target enrolment (200
patients per practice = 5,000 patients) was achieved
(range 2% to 101%). Target achievement for small prac-
tices (29%) and large practices (32%) was very similar, in
spite of a large discrepancy in the number of CTA-iden-
tified EPRs (5,061 vs. 11,006).
Participant loss between contact and enrolment
All surveys were administered by the practice staff and
completed on site in the local GPs practice. In 43 of
1569 cases (3%), the practice staff began surveys without
completing them.
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Figure 2 Patient recruitment: identification, eligibility review,
contact and enrolment.
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Compared to the CTA-identified EPRs, the practice staff
enrolled fewer older persons and men into the study.
While 38% of women and 44% of men in the net sample
were 80 years and older, these groups contributed only
21% (women) and 29% (men), respectively, to the
enrolled sample (see Table 2). Men were generally
underrepresented in the study population. They made
up 28% of the net sample, but only 19% in the enrolled
sample (table 3).
Ethical approval was granted by the Research Ethics
committee of the University of Göttingen Medical
School.
Discussion
This intervention study describes and evaluates the
implementation of a self-developed, practice software-
based CTA tool for a research project in primary care
practices. The study focuses upon the recruitment effi-
ciency of practice staff members who are alerted on
their practice computer screen as soon as they open the
EPR of a possible study participant. To the best of our
knowledge, this is the first study to implement and eval-
uate such a tool in a primary care setting in Germany.
Worldwide, only few trials have reported the successful
implementation of similar electronic tools [14,15]. While
the CTA infrastructure helped to correctly identify a
large population at risk with a minimal workload for the
practice staff, the staff in nearly all practices missed the
target to enrol 200 patients. However, the enrolment
efficiency was high for those patients that were con-
tacted by the practice staff, since the continuous
Table 2 Enrolment rates and target achievement
Net sample* Enrolment Target achievement***
Practice N N (%)** %
1 162 14 (8.6) 7.0
2 255 31 (12.2) 15.5
3 256 30 (11.7) 15.0
4 334 87 (26.0) 43.5
5 350 82 (23.4) 41.0
6 386 71 (18.4) 35.5
7 390 41 (10.5) 20.5
8 407 53 (13.0) 26.5
9 454 115 (25.3) 57.5
10 455 93 (20.4) 46.5
11 505 4 (0.8) 2.0
12 511 78 (15.3) 39.0
13 596 54 (9.1) 27.0
14 616 99 (16.1) 49.5
15 636 26 (4.1) 13.0
16 689 11 (1.6) 5.5
17 801 133 (16.6) 66.5
18 808 31 (3.8) 15.5
19 901 41 (4.6) 20.5
20 905 9 (1.0) 4.5
21 986 202 (20.5) 101.0
22 1,021 54 (5.3) 27.0
23 1,150 85 (7.4) 42.5
24 1,177 55 (4.7) 27.5
25 1,316 27 (2.1) 13.5
All 16,067 1,526 (9.5) 30.5
*as recognised by the identifaction and recruitment tool.
**in % of the net sample.
***of N = 200 (= target).
Table 3 Study population by sex and age
Net sample Not contacted Contacted
% “open” % exclusions % refusals % enrolees %
Gender* (n = 16,067) (n = 10,906) (n = 3 248) (n = 387) (n = 1,526)
Women 72.0 70.5 73.2 69.0 81.3
Men 28.0 29.5 26.8 31.0 18.7
Women** (n = 11,574) (n = 7,690) (n = 2,377) (n = 267) (n = 1,240)
60 - 69 29.2 31.7 16.4 32.6 37.6
70 - 79 32.4 32.8 25.7 37.1 41.9
80+ 38.4 35.6 57.9 30.3 20.6
Men*** (n = 4,493) (n = 3,216) (n = 871) (n = 120) (n = 286)
70 - 79 56.4 41.5 44.2 56.7 70.6
80+ 43.6 58.5 55.8 43.3 29.4
*Chi
2 = 80.9; df = 3; p < .0001.
**Chi
2 = 607.8; df = 6; p < .0001.
***Chi
2 = 97.9; df = 3; p < .0001.
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patients when time and circumstances permitted. The
enrolled sample was somewhat biased, but the real-time
monitoring of the recruitment process helped the study
centre to detect selection bias, since it was possible to
track and quantify patient identification and enrolment.
Limitations
Patients whose EPRs were called up in the practice soft-
ware during the recruitment period of the study were
identified. Unfortunately, this does not completely coin-
cide with the physical presence of patients in the practice
during the study, since naturally EPRs are opened when
information is needed and the patient may not be in the
practice. Therefore, the CTA identified net sample is
likely to be larger than the actual number of possible par-
ticipants. As a consequence, further development of the
clinical trial tool will include a documentation option to
specify whether a patient is physically present or not.
The only requirements for practice staff participation
in the study were willingness, an Internet connection
and the use of one of the 9 most common practice
software systems in Germany. We made no selection
of practices according to size, patient volume, number
of staff members or other criteria. We consider it
advantageous, not disadvantageous, that the participat-
ing practices were heterogeneous (as GP practices in
Germany are). Due to the limited number in this pilot
study, the results cannot be generalised for general
practice recruitment in Germany. In addition, it is not
possible to draw any conclusions about the source of
selection bias in the patient sample, even though we
have been able to detect and quantify it using the CTA
tool.
We had no control group of practices without the
clinical trial tool. Therefore, we do not know how the
implemented recruitment infrastructure and especially
the pop-up reminder influenced recruitment behaviour
and whether or not an EPR-based recruitment system is
more effective than more traditional recruiting strategies
in general practice. However, we know from Embi’sa n d
Rollman’s prior research that EPR-based CTA systems
are superior to traditional recruiting methods [12,15].
Moreover, the contact and enrolment rates, realized by
the practice staff are rather impressive and may allow
valid conclusions for the osteoporosis project.
Effects and advantages of the intervention
There are some reports in the literature of CTA systems
embedded in hospital information systems, outpatient
clinics or community health centres to support physicians
and nurses in patient recruitment [12,25,29,30]. Our sys-
tem is the first to support the practice staff in both identi-
fying and surveying eligible patients during daily practice
while recording pseudonymised data about the target
population in order to monitor selection bias. In a study
conducted in the Netherlands [14], the research team used
an interactive reminder tool similar to the one described
here to inform the GP when an eligible patient was
selected by EPR and should be asked to participate in the
study. However, eligible patients needed to be selected and
marked in the EPR prior to study begin. Another study
[16] with a similar technology, used filter queries to gener-
ate a list of eligible patients before study begin and pro-
vided GPs with a printed version of the list from which to
pursue recruitment. In contrast to these identification pro-
cedures, the CTA tool described here operates in the
background of the practice software. Therefore, a pre-
selection procedure is not necessary and even newly
inscribed patients matching the inclusion criteria for the
study can be reliably identified.
The most important question of our study refers to
the efficiency of the CTA tool used in this study. Espe-
cially 4 aspects seem to be important:
(1) The practice staff in most practices could identify
an ample number of possible study participants for the
specific research project (men ≥ 70, women ≥ 60). An
average of 643 patients per practice met the inclusion
parameters of the study. Although the registration of
such a large number of patients seems to be heavy bur-
d e nf o rt h ep r a c t i c es t a f f ,i t is noteworthy that this
important step of the recruitment process, i.e. identifica-
tion of the population risk, happened automatically and
did not require the practice staff to exert any effort
other than clicking off the reminder screen.
(2) Only one practice enrolled 200 patients into the
osteoporosis survey. More importantly, many practices,
especially larger practices, were poor recruiters although
the CTA tool presented these practices a wealth of pos-
sible study participants to enrol. Obviously, the regular
and frequent presentation of possible study participants
on the screen did not stimulate the practice staff to con-
tact them and to start the survey, but had the opposite
effect. One reason may be that the clinical trial alert
simply appeared too often (e.g. in practices which iden-
tified more than 1,000 patients). When the practice staff
is frequently reminded about the study, the activity of
disengaging or “clicking off” the reminder screen may
then consume the majority of the staff’s available capa-
city for participating in the study.
(3) When the contact level is used as the point of
reference, the practice staff was able to enrol 80% of the
individuals they approached about the study, which we
believe to be an efficient use of local general practice
staffs’ limited capacities for taking part in research pro-
jects. The fact that the practice staff only personally
contacted 12% of the net sample indicates that the
workload in terms of the absolute number of identified
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bias (see below).
(4) In 5,161 cases, the practice staff invested some
effort in the study, i.e. opening the survey and docu-
menting a patient’s file. Of these patients, 1,526 (30%)
could be enrolled into the study. In comparison, Roll-
man reported that only 22% of the CTA-identified
patients referred from the primary care practice to an
external study centre were later enrolled into the clinical
study [15]. In Embi’s study [12], the CTA intervention
increased the referral rate to an external study centre
tenfold in comparison to other means of identifying the
population at risk. However, the enrolment rate only
doubled. In our study, the practice staff completed the
osteoporosis survey for nearly all patients that agreed to
take part in the survey (1,526 of 1,569; 98%). The com-
bination of a CTA-based identification tool with a prac-
ticed-based research design made it possible for the
practice staff to survey a large number of patients on
site without involving an external study centre.
Selection effects
O n ei m p o r t a n tf e a t u r eo ft h eC T At o o lw a st h eu n s e -
lected presentation of all patients from the target sample
as potential participants of the osteoporosis project. The
CTA tool used in our study made it possible to receive
real-time information about the recruitment process as
well as information about age and sex of all eligible
patients in the participating practices; such information
is not normally available to researchers. On the basis of
this information, it was possible to detect a selection
bias. Older patients (80+ years) of both sexes were
underrepresented in our surveys, as well as men in gen-
eral. Therefore, it was possible to quantify the selection
bias in terms of age and sex. Choosing and recruiting a
representative, non-biased selection of participants or at
least estimating the selection bias is a challenge for pri-
mary care-based research as it is essential for any gener-
alisability of the study results [3].
In addition to a quantifiable selection bias by demo-
graphic variables, the practice staff’s limited use of CTA
reminders may indicate that enrolees were selected
according to other–as yet unknown and undocumen-
ted–criteria. The very low enrolment rate (<5%) in some
practices may be a sign that the practice staff selected
patients according to criteria outside the study protocol.
For example, in the context of the present study, it
might have been easier to recruit patients who are well-
educated and/or communicative, patients who visit the
practice during “slow” hours (i.e. disease management
afternoons) or patients for whom osteoporosis is an
important issue. To become aware of this dimension of
selection bias is very important for further research,
because clinical studies are built upon the assumption
that the individuals who implement the sampling strat-
egy are following the study protocol, i.e. that a random
sample of a general practice population is truly random.
Future challenges and research
The fact that only one practice was able to survey 200
patients within the 12-month study period and that
many large practices were poor recruiters will be a sti-
mulus for us to consider the design of future projects. It
would have been possible to program the CTA tool to
randomly select one patient per workday and require
the practice staff to survey this patient. However, past
studies in general practices have shown that a rigid
study protocol is very difficult for busy general practices
to fulfil [22]. Therefore, we programmed the CTA tool
to over-supply the staff with possible study candidates,
assuming that during the workday, one of these possibi-
l i t i e sw o u l dp o pu pa tat i m ethat was convenient both
for the practice staff and the patient. However, this
strategy of over-supply required the practice staff to
continually click off the reminder throughout the day,
which (especially in large practices) consumed quite a
bit of the staff’s research resources, leaving little time
for the “real work” of the study, i.e. surveying patients.
Moreover, this strategy of over-supply may have hin-
dered or annoyed the practice staff while performing
their daily tasks. In future, it will be necessary to adapt
recruitment strategies by limiting the number of patients
presented on screen per day and setting reachable, indi-
vidual goals such as 15% recruitment of the practice’s
own net sample instead of a general goal of 200 patients
per practice. Such refinements can be implemented
cost-effectively with only a small amount of adjustment
to the CTA tool.
W i t hr e g a r d st os e l e c t i o nb i a s ,i ts h o u l db en op r o -
blem in future applications of the CTA tool to take
early measures to counteract a recognised selection bias.
For example, if the study centre (or an automatic analy-
sis algorithm) detects a selection bias towards younger
patients, the CTA tool could suppress the on-screen
reminder for younger patients until the selection levels
reflect the net sample.
Important primary care practice conditions like find-
ing the time, the place and the personnel to immediately
conduct a 10-minute survey within the practice setting
most likely had a large influence on the number of
study participants. In a further step, we will systemati-
cally analyse interviews with the participating practice
staff about the comfort and efficiency of the recruitment
software in daily practice. Especially the experiences of
larger practices with the recruitment tool need to be cri-
tically reviewed, since this tool was not able to motivate
the practice staff in larger practices to meet the recruit-
ment target. Valuable user knowledge, combined with
Heinemann et al. BMC Medical Research Methodology 2011, 11:16
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evaluations, should then be incorporated into the further
development of this technology.
Conclusions
We have developed a CTA-based clinical trial tool that
can be incorporated into future practice-based research
endeavours requiring the participation of general prac-
tice patients. Although this technology is not yet ready
for mass marketing, our intervention study has demon-
strated potential benefits. Doctors and practice nurses
were able to use this intervention to recruit and survey
a large sample of general practice patients. The CTA
tool described here eliminates the need for practice
staff to screen patients in the waiting room since
members of the target population are automatically
recognised and communicated both to the local prac-
tice staff on their regular practice software screen as
well as (pseudonymised) to the study centre via the
Internet. Although the intervention did not prevent a
selection bias while recruiting patients, the tool
enabled researchers to recognise this bias so that some
refinement would help to counteract a demographic
selection bias in future projects. Further adaptations of
this software can be applied in EPR-based recruitment
s t r a t e g i e s ,e . g .f o rs t u d i e ss eeking to identify patients
with specific conditions.
Studies requiring patient recruitment and data collec-
tion in busy general practices are dependent upon the
willingness of both doctors and practice nurses to work
together with the research team to find and survey the
target sample. With this in mind, the further develop-
ment of this technology should include not only techno-
logical refinements but also the input from the
participating practice staff to create a strategy that is
both technically efficient and suitable to practice
conditions.
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